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Introduction 


The  aim  of  this  proposal  is  to  identify  prostatic  stem  cells  by  a  novel  in  vivo 
approach  using  prostatic  basal  and  luminal  cell  lines  that  we  have  established  in  culture.  We 
also  plan  to  transform  the  basal  and  luminal  cell  lines  and  study  the  behavior  of  these  in 
vitro  and  in  vivo  to  determine  whether  transformed  basal  cells  can  give  rise  to  luminal 
tumors  in  vivo,  as  most  prostatic  tumors  have  a  luminal  phenotype.  The  stem  cells  of  any 
organ  renew  the  tissue  throughout  the  lifespan  of  the  individual.  They  are  long-lived  cells 
that  divide  infrequently.  Most  of  the  cell  division  in  an  organ  takes  place  in  the  post-stem 
cell  compartment,  the  transit-amplifying  (TA)  cell  population  (Lavker  and  Sun,  2000;  Slack, 
2000).  The  identification  and  characterization  of  stem  cells  is  important  since  they  represent 
a  major  target  of  carcinogenesis  as  well  as  a  potential  source  of  benign  prostatic  hyperplasia 
(BPH)  (De  Marzo  et  al.,  1998).  A  better  understanding  of  the  location  and  properties  of 
prostatic  stem  cells  may  therefore  help  explain  some  puzzling  features  of  the  gland.  For 
example,  in  human  prostate,  which  can  be  divided  anatomically  into  the  central,  transition 
and  peripheral  zones,  carcinoma  arises  mainly  in  the  periphery  zone  whereas  BPH  develops 
largely  in  the  transition  zone  (McNeal  et  al.,  1988;  De  Marzo  et  al.,  1998). 

The  location  of  prostatic  stem  cells  is  currently  unknown.  They  are  generally 
considered  to  lie  within  the  basal  compartment  (Bonldhoff  and  Remberger,  1996;  Hayward 
et  al.,  1999)  although  some  evidence  indicates  that  luminal  cells  may  also  have  stem  cell 
properties  (Evans  and  Chandler,  1987b;  Evans  and  Chandler,  1987a).  An  important  feature 
of  stem  cells  is  their  ability  to  engraft  in  their  appropriate  niche.  The  first  aim  of  this 
proposal  was  to  transfect  our  murine  cell  lines  with  GFP  and  to  determine  whether  the  basal 
and  luminal  cells  can  engraft  intraprostatically  in  a  novel  prostate  transplant  assay  that  we 
proposed  developing.  Evidence  of  engraftment  in  vivo  would  indicate  that  the  cell  lines  had 
stem  cell  properties. 

Body 

Task  1.  Transfection  of  prostatic  cell  lines  with  a  GFP-expression  vector,  pTracer- 


We  have  established  two  prostatic  epithelial  cell  lines.  The  basal  cell  line,  PE-B-1, 
grows  as  an  adherent  monolayer  with  many  round  cells  adhering  loosely  to  the  monolayer 
in  confluent  cultures  (Fig  1  A).  The  cells  express  basal  cytokeratin  14.  (Fig  IB,  C).  The 
luminal  cell  line,  PE-L-1,  has  a  typical  epithelial  morphology  (Fig  ID)  and  expresses 
luminal  cytokeratin  8  (Fig  IE,  F). 

The  basal  and  luminal  cell  lines  have  been  stably  transfected  with  the  expression 
tracer  vector  pTracer-SV40  (Invitrogen,  CA)  which  contains  a  green  fluorescent  protein 
(GFP)  gene  for  detection  of  transfected  cells.  This  vector  was  chosen  since  it  also  contains 
the  gene  for  the  selection  antibiotic  Zeocin  rather  than  Neomycin.  Our  cell  lines  are 
Neomycin  resistant,  having  been  obtained  from  p53  null  mice  in  which  the  p53  gene  is 
disrupted  by  a  Neomycin  cassette.  Basal  and  luminal  cells  were  seeded  at  1x10^  cells/dish 
in  35  nun  dishes  and  cultured  overnight.  Zeocin  was  then  added  to  the  cultures  at  100, 250, 
500, 750  and  1000  |xg/ml.  The  cells  were  then  cultured  further,  with  medium  and  antibiotic 
replacement  every  2  days.  After  7  days  cloning  rings  were  placed  around  surviving 
antibiotic-resistant  colonies,  which  were  then  removed  from  the  parent  dishes  using  trypsin 
digestion,  after  which  they  were  re-seeded  into  24  well  plates.  Clones  were  cultured  further 
in  the  presence  of  antibiotic  and  those  clones  expressing  GFP  strongly  as  detected  by 
fluorescent  microscopy  were  selected  for  further  use.  Transfection  efficiency  was  found  to 
be  low,  with  only  approximately  1-2%  of  cells  being  successfully  transfected.  The  cells  also 
proved  somewhat  resistant  to  Zeocin  and  only  the  highest  concentration  of  the  antibiotic 
yielded  isolated  colonies.  Stably  transfected  clones  were  obtained  after  3  weeks  in  culture. 
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Clones  that  expressed  significant  levels  of  GFP  were  pooled  to  give  a  single  population  of 
GFP-expressing  basal  or  luminal  epidielial  cells. 


Figure  1.  Phenotype  of  prostatic  epithelial  cell  lines,  PE-B-1  and  PE-L-1. 

A  and  D  -  Phase  contrast  micrographs  of  basal  cell  line  PE-B*1  (A)  and  luminal 
cell  line  PE-L-1  (D). 

B  and  E  -  Immunoflourescence  micrographs  showing  expression  of  basal 
cytokeratin  14  by  PE-B-1  (B)  and  luminal  cytokeratin  8  by  PE-L-1  (E),  using 
FITC-labeled  anti-CK  antibodies. 

C  and  F  -  Control  wells  stained  with  irrelevant  antibodies. 

We  had  originally  planned  to  transfect  GFP  into  an  additional  cell  line  that 
expressed  both  basS  and  luminal  cytokeratins  (line  12’).  However,  we  had  problems  with 
the  stability  of  this  line  in  that  even  when  cloned  from  single  cells,  the  resulting  cells  did  not 
all  express  both  basal  and  luminal  cytokeratins.  After  numerous  attempts  to  obtain  a 
uniform  population  of  cells  with  stable  expression  of  both  cytokeratins  were  unsuccessful 
we  proceeded  with  tasks  2  and  3  using  the  GFP-expressing  basal  and  luminal  cell  lines. 

Tasks  2  and  3.  Inoculation  and  examination  of  GFP-expressing  cells  in  vivo 

Intraprostatic  inoculation 

Prostatic  stem  cells  are  generally  considered  to  reside  in  the  basal  layer  (Bonkhoff  and 
Remberger,  1996;  Hayward  et  al.,  19^),  although  evidence  of  luminal  cells  being  able  to 
self-renew  also  exists  (Evans  and  Chandler,  1987b;  Evans  and  Chandler,  1987a).  One  of  the 
characteristics  of  stem  cells  is  their  ability  to  home,  to  engraft  and  to  proliferate  in  their 
micro-environmental  "niches".  The  unequivocal  identification  of  a  stem  cell  requires  a 
transplant  model  in  which  tagged  candidate  cells  introduced  into  a  recipient  animal  give  rise 
to  the  appropriate  differentiated  progeny. 

For  this  aim  we  developed  a  unique  prostate  transplant  model  using  our  GFP- 
expressing  prostate  cells.  This  is  the  first  report  of  this  type  of  prostate  model.  We  injected 
our  GFP-expressing  cells  into  the  prostates  of  adult  animals.  As  stem  cells  require  ‘empty’ 
niches  into  which  they  can  engraft  we  reasoned  that  we  would  have  more  success  if  we 
transplanted  cells  into  a  regenerating  prostate  rather  than  an  intact  gland.  We  therefor 
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castrated  adult  mice  and  8  days  later  we  ‘primed’  the  prostate  by  injecting  testosterone 
propionate  (4  //g/g  body  wt)  intraperitoneally.  In  addition,  we  implanted  slow-release 
dihydrotestosterone  (DHT)  pellets  subcutaneously.  Twenty  fours  hours  later  GFP- 
expressing  basal  and  luminal  cells  were  injected  into  each  lobe  of  the  dorsolateral  prostate 
(DLP)  (2.5xl(P  cells/lobe/lO/il).  As  we  expected  engraftment  of  very  few  cells,  we  induced 
several  cycles  of  prostatic  involution  and  regrowth  in  some  animals  by  removing  and 
replacing  androgens  in  order  to  try  and  expand  the  numbers  of  GFP-expressing  cells, 
thereby  enhancing  our  chances  of  identifying  them  in  random  sections  of  prostatic  tissue. 
Mice  were  therefore  killed  10  days  after  engraftment  and  after  1, 2  and  3  cycles  of  androgen 
withdrawal  and  replacement  and  prostatic  tissue  examined  for  evidence  of  GFP-expressing 
cells  using  antibodies  to  GFP  (Invitrogen,  CA)  and  secondary  anti-rabbit  horse  radish 
peroxidase  (HRP)-labeled  antibodies  (Amersham,  NJ)  and  the  substrate  NovaRED. 

After  10  days  evidence  of  engraftment  was  obtained  for  both  the  basal  and  luminal  cell 
lines  as  GFP-expressing  cells  could  be  seen  within  the  normal  prostatic  epithelium.  GFP- 
expressing  cells  incorporated  within  prostatic  epithelium  persisted  even  after  3  successive 
cycles  of  androgen  withdrawal  and  replenishment.  This  indicated  that  we  were  observing 
cells  that  had  been  inserted  and  incorporated  into  the  epithelium  of  ducts,  rather  than  cells 
that  had  merely  survived  the  inoculation  and  that  had  remained  within  the  lumen  of  ducts. 
Fig  2  represents  a  section  through  a  prostatic  duct  of  an  animal  that  received  GFP-labeled 
basal  cells  and  it  shows  that  GFT-expressing  cells  have  been  incorporated  into  a  prostatic 
duct.  Fig  2  also  shows  clear  evidence  that  luminal  cells  also  express  GFP.  As  this  animal 
was  inoculated  with  a  cloned  basal  GFP-expressing  cell  line  that  contained  no  luminal  cells 
this  indicates  that  prostatic  basal  cells  can  give  rise  to  luminal  cells  in  an  in  vivo 
intraprostatic  transplant  model. 


Figure  2.  GFP-expressing  basal  cells  were  inoculated  into  involuted  recipient 
prostates.  Engrafted  cells  were  detected  using  an  anti-GFP  antibody. 

A  -  GFP-expressing  cells  were  incorporated  into  the  prostatic  ducts  and  gave  rise  to 
GFP-expressing  luminal  cells. 

B  -  control,  in  which  an  irrelevant  primary  antibody  was  used,  confirming  the 
specificity  of  the  GFP  antibody. 


A  basal  cell  line  has  been  shown  to  differentiate  into  luminal  cells  when  inoculated  with 
urogenital  sinus  mesenchyme  under  the  renal  capsule  (Hayward  et  al.,  1999).  Our 
experiments  are  the  first  to  establish  an  in  vivo  prostate  transplant  model  and  to  show  basal 
cells  give  rise  to  luminal  cells  within  a  normal  prostate  indicating  fliat  basal  cells  can  give 
rise  to  luminal  cells  in  vivo. 

Both  basal  and  luminal  cells  were  capable  of  engrafting  into  prostate  tissue. 

Preliminary  results  show  evidence  of  engraftment  in  10/15  mice  inoculated  with  basal  cells 
and  18/19  mice  inoculated  with  luminal  cells.  As  we  have  only  examined  random  sections  of 
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prostatic  tissue  for  GFP-expressing  cells  it  is  possible  that  flie  negative  animals  contained 
cells  that  had  engrafted  but  diat  were  not  evident  in  the  sections  that  we  examined.  A 
problem  with  our  model  is  that  it  is  not  quantitative  since  we  cannot  measure  the  efficiency 
of  engraftment.  In  the  first  instance  each  inoculation  is  ‘random’  as  the  cells  are  not 
inoculated  into  a  particular  niche  but  will  be  distributed  throughout  the  prostatic  tissue.  The 
number  of  cells  of  the  original  inoculum  that  engrafted  cannot  therefore  be  ascertained.  In 
addition,  random  sections  of  tissue  may  not  always  contain  detectable  engrafted  cells. 

Furthermore,  it  is  very  difficult  to  ascertain  whether  the  inoculation  of  GFP-tagged 
luminal  cells  give  rise  to  GFP-tagged  basal  cells  by  histological  examination  of  tissue.  The 
basal  layer  is  very  small  in  comparison  with  the  luminal  layer  and  basal  cytoplasm  is  not 
readily  evident  in  histological  tissues.  In  order  to  address  some  of  these  concerns  we  are 
currently  proceeding  with  experiments  in  which  GFP-tagged  cells  are  inoculated 
intraprostatically  and  in  place  of  histological  examination  the  prostate  is  removed,  digested 
with  collagenase  and  trypsin  and  the  isolated  cells  examined  for  evidence  of  basal  and 
luminal  GFP  expression.  Cells  will  be  examined  concurrently  for  cytokeratin  and  GFP 
expression.  This  will  conclusively  show  whether  luminal  cells  can  give  rise  to  basal  cells 
after  in  vivo  engraftment.  These  experiments  will  also  determine  the  numbers  of  GFP- 
expressing  cells  within  the  prostate  as  even  if  this  number  is  very  small,  GFP  cells  will  be 
detected  immunocytochemically  whereas  they  may  not  be  detected  in  random  sections  of  the 
gland. 

Key  research  accomplishments 

1)  Basal  and  luminal  prostatic  cell  lines  transfected  with  GFP 

2)  In  vivo  prostatic  transplant  model  established 

3)  Successful  intraprostatic  engraftment  of  GFP-tagged  basal  and  luminal  prostatic 
epithelial  cells 

4)  Basal  cells  give  rise  to  luminal  cells  intraprostatically 

Reportable  outcomes 

We  have  developed  GFP-tagged  basal  and  luminal  murine  prostatic  cell  lines  capable 
of  in  vivo  engraftment  in  normal  prostatic  tissue.  These  cell  lines  are  available  for 
distribution. 

Sarah  Salm  applied  successfully  for  a  DOD  postdoctoral  fellowship  based  partially  on 
some  preliminary  data  obtained  from  this  project. 

Conclusions 

These  results  are  relevant  to  prostate  carcinogenesis  for  the  following  reasons.  The 
identification  of  the  stem  cell  compartment  and  the  location  of  prostate  stem  cells  is  essential 
for  the  elucidation  of  the  mechanisms  that  are  involved  in  prostate  carcinogenesis  as  stem 
cells  are  the  targets  of  transformation.  They  are  considered  to  reside  in  the  basal  layer  so  it 
is  puzzling  that  prostate  carcinomas  generally  have  a  luminal  phenotype.  Our  experiments 
show  that  both  basal  and  luminal  cell  compartments  can  independently  self-renew  and  give 
rise  to  prostatic  tissue  in  an  in  vivo  prostate  stem  cell  transplant  assay.  They  also  show  that 
basal  cells  give  rise  to  luminal  cells.  We  do  not  currently  know  whether  the  engrafted 
luminal  cells  can  give  rise  to  basal  cells  but  we  are  currently  planning  experiments  to 
address  this  issue.  The  knowledge  obtained  from  these  studies  will  indicate  whether  basal 
and  luminal  compartments  can  independently  self-renew  and  serve  as  targets  for 
transformation.  This  knowledge  will  help  design  rational  therapies  for  retarding  or 
preventing  the  processes  that  result  in  the  transformation  of  the  stem  cell  compartment  of 
the  prostate. 
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